Spent brewer's yeast, obtained after the main fermentation stage, is a rich-in-protein source (protein content accounts for 48 -50 % dry matter). In order to use efficiently this protein source for using in food industry, it was hydrolysed by different methods into mixtures of peptides and amino acids. So that it has a wide range of applications in food. It can be used as emulsifying agents in a number of applications such as salad dressings, spreads, ice cream, coffee whitener, cracker, and meat products like sausages. However, bitterness in hydrolysates is one of the major undesirable aspects for various applications in food processing. In this study, influences of factors (E/S ratio, pH and temperature) on bitterness of hydrolysate were studied to choose the best hydrolysis conditions by using flavourzyme, alcalase and neutrase. The bitterness of hydrolysate was determined by intensity sensory method (using quinine standard) and amino acid content was analysed by HPLC method. The result showed that bitterness of brewer's yeast hydrolysate by flavourzyme is the lowest and that by neutrase is the highest. In particular, the bitterness of hydrolysates have reached values of 15.2-40.42 µmol quinine/l (FH -flavourzyme hydrolysate), 21-64.99 µmol quinine/l (AH -alcalase hydrolysate) and 34.62-64.26 µmol quinine/l (NH -neutrase hydrolysate), respectively. The hydrolysis conditions in using flavourzyme were chosen at 50 o C, pH 7, E/S ratio 7.1U/g and in using alcalase -at 55 o C, pH 8, ratio E/S 7.2 U/g, respectively. At this conditions, bitterness reached values 15.44 µmol quinine/l (in FH) and 21.16 µmol quinine/l (in AH).
INTRODUCTION
The bitter intensity of protein hydrolysate is formed due to the presence of hydrophobic amino acids or peptides contain hydrophobic amino acid residues [1, 2, 3] . Bitterness increased as hydrophobic amino acid content increased [3] . Several oligopeptides such as Trp-Phe, TrpPro, Leu -Pro -Trp caused bitterness in brewer's yeast hydrolysate [4] . Many studies have reported that some amino acids having sweet taste are glycine, alanine, threonine, valine, serine, lysine and proline [5] , the amino acids causing bitter taste were isoleucine, leusine, arginine, cysteine, methionine, phenylalanine, tryptophan and histidine [4, 5, 6] . The peptides, that had molecular weight > 10 kDa and contained Pro, Leu, Tyr, Phe, Ala were bitter [2] .
Debitterizing methods can be divided into two kinds which are physical chemical debitterizing methods and enzymatic debitterizing methods. Physical chemical debitterizing methods for debittering of protein hydrolysates include selective separation such as treatment with activated carbon, extraction with alcohol, isoelectric precipitation, chromatography on silica gel, hydrophobic interaction chromatography. Enzymatic methods were studied more because of mild conditions, less nutrition loss of hydrolysate [8] . Proteases are separated into two groups: exopeptidase and endopeptidase. Although endopeptidase hydrolyse specific peptide bonds within the polypeptide chain, exopeptidase catalyze the formation of free amino acids or small peptides from the N-terminal or C -terminal end of the polypeptide substrate. Exopeptidases are divided into two subclasses: aminopeptidase (AP) and carboxypeptidase (CP). AP catalyzes the cleavage of amino acids from the free amino N -terminus of the polypeptide chain, while CP hydrolysa from the free carboxyl C -terminus of polypeptide chains. The specific amino acid on the polypeptide terminus, the nature of several other amino acid residues adjacent to the peptide bond to be cleaved, the conformation of the polypeptide chain and peptide length will determine exopeptidase activity.
The bitterness of hydrolysate was determined by intensity sensory method, according to molecular weight peptides [1, 3, 8] or hydrophobic amino acids content exist in hydrolysate by HPLC [3] . Sensory panels were trained to evaluate the bitter intensity with standard solution such as caffeine, quinine and quinine HCl, caffeine and quinine threshold in some studies had an average value of ≤ 150 mg/L and ≤ 6 µM, respectively [1, 10] . With the aim of achieving the lowest bitterness of hydrolysate, three enzymes (flavourzyme, alcalase and neutrase) were used to clarify influence of factors (temperature, ration E/S, pH, time) on bitterness in hydrolysate.
MATERIALS AND METHODS

Materials
The spent brewer's yeast Saccharomyces used as a substrate was donated by Sabeco Ha Noi brewery. Flavourzyme, neutrase and alcalase were obtained from Novozymes, Denmark. Proteolytic activity was 289 U/g, 362 U/g and 328 U/g. Flavourzyme is a food grade exoprotease from Aspergillus oryzae, its main enzyme component is EC 3.4.11.1. Neutrase is a food grade endoprotease from Bacillus amyloliquefacien, its main enzyme component is EC 3.4.24.28. Alcalase is a food grade endoprotease from Bacillus licheniformis, its main enzyme component is the serine protease subtilsin A (EC 3.4.21.62).
Methods
Experimental procedures
Washing process: Spent brewery's yeast was washed 1 time with NaOH 0.1 N for removing polyphenols and 3 times with cold water for removing remained solids, and then centrifuged at 4000 rpm at 4 o C for 15 min using a thermo Fisher (USA) to recover solids, which were material for the futher studies. Hydrolysis process: Sludge of treated yeast was adjusted to pH 7.5 (HI 2211 pH/ORP meter) with using NaOH 0.2N, the ratio of yeast: water was 1:1.5 (w/w) then added with enzyme and performed hydrolysis using IKA Eurostar (USA) agitator with agitation 500 rpm at other conditions. After hydrolysis, the sample was inactivated by 0.5 M TCA and removed the sludge by using centrifuge (6000 rpm, 4 o C for 10 min), hydrolysate was recovered in order to determine amino acid content (by HPLC) and bitterness of hydrolysate (by sensory method).
Effect of hydrolysis conditions protein spent yeast by individual enzyme:
We used alcalase (A), flavourzyme (F) and neutrase (N) to study for hydrolysing protein of spent yeast. Effects of factors (E/S ratio, pH and hydrolysis temperature) on bitterness of hydrolysate were designed in the Table 1 . The results of each study were expressed by the average value of results from three experiments. 
Analysis methods
HPLC (High Performance Liquid Chromatography) method
Amino acid content in hydrolysate was measured according to adopted method of Rita Steed [11] by Agilent 1200, USA. Using reverse -phase column of Zorbax AAA agilent, mobile phase: sodium phosphate buffer 40 mM, pH 7.8 and solution ratio is acetonitrile: methanol: water 45:45:10; with velocity 1 mL/min, at temperature 30 °C. OPA reagent was used to react with sample before analysis in 2 minutes.
Sensory method
We conducted a panel consisting of 7 females and 5 males with the ages from 22 to 40. The panel members were trained for a period of 1 month, four times per week, with using quinine as standard (S6672804614, Merck, Germany). Quantify bitterness of hydrolysate was determined by rating intensity sensory method (according to Stevens method [12] ) with calibration curve equation of quinine was determined: y = 0.8557 ln(x) + 10.266 (R 2 = 0.9829)
where: y -Quinine concentration (µmol/l); x -Bitter taste point (0 -10). Quinine threshold was determined 8 µmol/l by Ascending Force-choice method of Harry et al. [13] . A Fisher test was performed to determine the significance of differences of detection thresholds. The differences in bitterness intensity between the hydrolysate samples were tested by Analysis of variance (one way ANOVA). The level of significance was chosen as p-value < 0.05. All analyses were performed with XLSTAT (Addinsoft XLSTAT v 2010.5.01).
RESULTS AND DISCUSSION
Influence of the hydrolysis conditions on bitterness of hydrolysate
Effect of enzymatic concentration
The ANOVA analysis based on 288 observation (12 x 24), level of signification is α = 0.05. The effect of E/S ratio (with alcalase, flavourzyme, neutrase) on hydrolysate's bitterness is illustrated in the Table. 2. The analysis showed that the average mark of hydrolysate samples by flavourzyme were the lowest, hydrolysate by neutrase was the highest. It is clear that, flavourzyme gives hydrolysate with bitterness lower than alcalase (the same conclusion was given by Peter Amala Sujith and T.V. Hymavathi [1] . Besides, 24 hydrolysate samples are differentiated into 9 groups statistically, using a Fisher test. The hydrolysate samples belong to (a) group, bitterness of that were the lowest, have negligible difference. So that it is neccesary to compare to other samples (of (a) group), the results are presented in the Table 3 . In the Table 3 , we can see that, hydrolysate by flavourzyme was slight salty as E/S ratio increased. Sensory taste was good at concentration 5.1 U/g and 7.1 U/g, but bitterness of hydrolysate at 7.1U/g was smaller than at 5.1U/g. Besides, sensory taste of hydrolysate by alcalase was sour in all samples and the sample with E/S ratio 7.2 U/g of alcalsase was slight sour.
Effect of pH
The ANOVA analysis based on 228 observation (12 × 19), level of signification is α = 0.05. The effect of pH values on hydrolysate's bitterness is illustrated on Table. 4.
Regarding the Table 4 , the average mark of hydrolysate samples by flavourzyme was the lowest, followed by alcalase and that by using neutrase was the highest. Using a Fisher test, 19 hydrolysate samples are differentiated into six groups statistically. The hydrolysate samples belong to (a) group, bitter insensity of which were the lowest, have negligible difference. Consequently it is continued to compare for other sensory taste between samples (of (a) group), the results are presented in the Table 5 The results in the Table 5 show that the appropriate pH for hydrolysis by alcalase and flavourzyme were 8.0 and 7.0, respectively. Because under these conditions, sensory taste of hydrolysate was the best. In particular, hydrolysate by flavourzyme (at pH 7.0) has umani, sweet taste and hydrolysate by alcalase (at pH 8.0) has slight sour taste.
Effect of temperature
The ANOVA analysis based on 216 observation (12 × 18), level of signification is α = 0.05. The effect of hydrolysis temperature on hydrolysate's bitterness is illustrated on Table 6 .
In describing sensory tests in the Table 6 , the average mark of hydrolysate samples by flavourzyme were the lowest, followed by alcalase and the ones by neutrase was the highest. Using a Fisher test, 18 hydrolysate samples are differentiated into seven groups statistically. The hydrolysate samples belong to (a) group, bitterness of which were the lowest and without big difference. So that it is continued to compare for other sensory taste between samples (of (a) group), the results are presented in the Table 7 . 
Slight sour
Bitter intensities of hydrolysate at different temperature were shown in Table 7 . It can be seen from Table 8 , amino acid content total in FH is lower than that in AH. This means, degree of hydrolysis of sample by using alcalase is higher than that when using flavourzyme. However, according to the Table 7 , Fig. 1 and Fig. 2 , percentage of HAA in FH (41.23 %) is lower than that in AH (46.09 %). HAA include hydrophobic amino acids that are Gly, Ala, Val+Met, Phe, Ile and Leu. It is shown that bitterness of AH was 21.16 µmol quinine/l and that of FH was 15.44 µmol quinine/l. This has correlated with content of HAA. These results are consistent with studies of Teruyoshi Matoba & Tadao Hata [3] ; Peter Amala Sujith and Hymavathi T. V. and Izawa N. [1] , that bitterness of protein hydrolysate rised with the increase of HAA content. Bã nấm men bia, thu được sau giai đoạn lên men chính, là nguồn giàu protein (chứa tới 48 -50 % chất khô). Để nâng cao hiệu quả tận dụng nguồn protein này ứng dụng trong công nghệ thực phẩm, protein bã men bia được thủy phân thành hỗn hợp của các peptide và các amino acid. Bởi vậy chúng có nhiều ứng dụng trong công nghệ thực phẩm, nó có thể được sử dụng làm các chất tạo nhũ tương trong một số sản phẩm như salad, sản phẩm dạng paste, kem, caffe, bánh cracker và trong một số sản phẩm thịt như là xúc xích. Tuy nhiên, vị đắng của dịch thủy phân protein là một trong những yếu tố chính không mong muốn khi ứng dụng trong chế biến thực phẩm. Trong bài báo này, chúng tôi nghiên cứu ảnh hưởng của các yếu tố (tỉ lệ E/S, pH và nhiệt độ) đến vị đắng của dịch thủy phân được nghiên cứu để xác định điều kiện thích hợp thủy phân protein bã men bia bằng flavourzyme, alcalase và neutrase. Độ đắng của dịch thủy phân được xác định bằng phương pháp cảm quan cho điểm (sử dụng chất chuẩn quinine) và thành phần axit amin được xác định bằng phương pháp HPLC. Kết quả cho thấy, độ đắng của dịch thủy phân bằng enzyme flavourzyme (FH) là thấp nhất và bằng neutrase (NH) là cao nhất. Cụ thể, độ đắng được xác định theo phương pháp cảm quan lần lượt là 15,2 -40,42 µmol quinine/l (FH -dịch thủy phân bằng flavourzyme), 21-64,99 µmol quinine/l (AH -dịch thủy phân bằng alcalase) and 34,62 -64,26 µmol quinine/l (NH -dịch thủy phân bằng neutrase). Kết hợp với đánh giá vị cảm quan, các điều kiện thủy phân được lựa chọn là: Thủy phân bằng flavourzyme ở 50 o C, pH 7, tỉỷ lệ E/S 7,1 U/g và bằng alcalase ở 55 o C, pH 8, tỉ lệ E/S 7,2 U/g. Ở các điều kiện này, độ đắng của dịch thủy phân đạt 15,44 µmol quinine/l (đối với FH) và 21,16 µmol quinine/l (đối với AH).
Từ khóa: vị đắng, thủy phân bằng enzyme, dịch thủy phân protein, bã nấm men bia.
